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Abbreviations
Collider
e The superKEKB collider » Standard Model: SM
* The Belle II detector * New Physics: NP

e Interaction point: IP

* Electroweak: EW

e Quantum Chromodynamics: QCD
* Flavor Changing Neutral Current: FCNC
* Multivariate Analysis: MVA

e Boosted Decision Tree: BDT
 Full Event Interpretation: FEI

e Kernel Density Estimation: KDE
* Boyed-Grienstein-Lebed: BGL
 Caprini-Lellouch-Neubert: CLN

e Bourrely-Caprini-Lellouch: BCL

Recent results from Belle 11

* Physics program at Belle II
A brief introduction to some physics areas

» Followed by recent results

Summary and outlook

 Future prospects of Belle 2
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The SuperKEKB collider (Luminosity frontier)

» Goal to achieve intantaneous luminosity (&) of 6 X 10*> ¢cm—2s-1 and

Mt. Tsukuba

integrated Z of 50 ab™! to meet various physics requirements

Lorentz factor  Beam sizg at [P Beam current Vertical beam-beam parameter at IP

b S
Y+ Oy R;
L= L+ L
2er, o} e
e~ radius # | Vertical beta function at IP KReduction factors

KEK Tsukuba
Campus

* p; is a function related to the transverse beam size along the beam trajectory

In comparison to KEKB

nteracion 1 detector . ﬂy* is reduced by 1/20 » Nano-beam scheme (Raimondi)

 Beam currents are dOubled C0||idilng bunches in thie hor|zonta| pl?héﬂ Jr
(L-=2.60 A, L, = 3.60 A)

* Lesser asymmetry in beam energy 1s

electron / positron

linear injector to reduce backgrounds

’ (E,-=4.0 GeV, E,. =7.0 GeV) . ‘ ‘
positron damping ring S * The crossing angle is quadrupled 50 X more data than KEKB
(83 mrad)
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Currently 1t 1s undergoing upgrade (LS1) to boo

The Belle II detector

Belle II is a general purpose next generation 4z detector

It is designed to withstand extreme luminosity

Improvements over Belle

Addition of PXD to VXD with close
proximity to IP improves vertex
reconstruction

Larger CDC with more sense wires
Improvement in PID using Cherenkov
imaging technique (TOP)

Electronics improvement in the ECL
Addition of inner layers to KLM

Other improvements

« New triggers introduced for dark matter searches

Use of advanced analysis tools and techniques

Optimal use of machine learning techniques

HEPMAD 2022

st data-taking capability

Belle II TDR (arXiv:1011.0352)

D
o

Belle IT

—

EM Calorimeter:
Csl(Tl) + waveform sampling
(barrel + endcaps)

2cm diameter

, iy,
Vertex Detector NS
2 layers DEPFET + 4 layers §\

. y ayers ~ \

He(50%):C2Hs(50%), Small cells, e
lever arm, fast electronics

KL and muon detector:

Resistive Plate Counter (barrel)
“Sgitillator + WLSF + MPPC (end-caps)

P A——

dentification

ation counter (barrel)
g Aerogel RICH (fwd)

positron (4GeV)
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Current status of data taking at Belle 11 o

, « Belle II collected data mainly at ete™ CM energy of 10.56 GeV
i * This CM energy corresponds to the threshold production of BB

events from Y (4S) resonance

~ « Reached a world record of peak intantaneous luminosity of
4.71 x 10°* ¢m—2s-1

f? « Recorded total integrated luminosity of ~ 424 fb~!

Belle Il Online luminosity Exp: 7-26 - All runs

U ntegrated Tuminosity
B Recorded Weekly

15.0 _waRecordeddt\:42779[fb—l]/ ...... - 400

- 300

28T N tsfete = SO 0. | SSSSoo ... - 200

u
o

e B it ‘ ...................

OO0 T T T T T I I T T I T T I T T T T T T I T IITITTTT

Total integrated luminosity [fb~1]

T
=
o
o

Total integrated Weekly luminosity [fb~!]

N
u

0
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Physics programs at Belle 11 <5

PI——

ox MG and CP

9% erarm Lifetimes Charm lifetime measurements
c:anchi” Fractions, Dalitz analyses
&
4‘@ %%ot/" “€Rton flavor vilation
& e%erm decays
— __ \leasurements .
O Tagged and Untagged exclusive

ytd/Vts from penguins
New ba ons

|Vcb|9|Vub|

Exclusive measurements

_— ~ &y
e+e- -->ISR, pi+ pi- cross-sect! 0(*)[
- nu/ leto : .
,b@ N universali
Q.
Dark p, Len, jna, Det2: BAS
. A\
- one® Axion-Lik ‘ & €n o~ —
__ Linac en- e Par(/qes (X Time Dependent Measurements ' Direct T violation
Invisible 7' 4(/-} ‘ ~ph Sics phases j ; ° I 1 1
4 Belle Il Data s in b->s: B->phi Ks, B->eta' Ks SOSpin sum rulc
. X0
Dark Higgs el
— * a/¢, measurement
Heavy tau neutring
LD V, isospin sum rules
e 5T i pi Direct CPY, isosp e Three body TDCPV
LLPs (LONg a7K
. Mo(\ " ~
Magnetic =" / 0%
Gaze\\e\\—\:?. // & iati nguins, B-->K(*) nu nubar
] act QA K* gamma and radiative penguins, . .
 EW and Radiative

B~.>V
V: rig
S fght-handed currents, triple products

Cx. Q
Tau Spectral Fyp+; Z <
Nction. No 0, o ° LFU
€no, ,:
. / _Uins: p_
Lepton Flavor Violation (L) Q;/% >S I+, lepton universality, NP
Y X
& B
Wi >
“‘\"9@ & / ma determinations
ipo\e Mo(“e S g g™
Tau Electric DIPC oY
;S

sinA2

e,
th o~ Wech
w o ef"'/‘ 0 2IMmed resonances
A_FB (tau, mu, e+, b, ©) P
o
M
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Charm Lifetime measurements
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Motivation to study charm

* Charm is the only up type quark whose hadronic weak decays can be analyzed,

D
/O
Belle IT

— e

=2.2 MeV/c? =1.28 GeV/c? =173.1 GeV/c?

L% L% %

as the top quark decays much before it can hadronize - « «

* Their lifetime (T) measurements can be used to ‘test’ models explaining strong

interactions in the charm sector.

Spectator model term

top N

=4.18 GeV/c?

charm |
& )

=96 MeV/c?

up |
=4.7 MeV/c?
14

=14 =14 -4
. « « G

Weak Annihilation, Pauli Interference term

A A
SR W
m  m

Lifetime differences among mesons and baryons

down | strange bottom
) =) &)
(Heavy Quark Expansion )
. ] (T =n/ 1_‘total)
Take spectator quarks into account u d

(DY) > (D)) > (&) > (D) > 7(QY) > t(A)) > 7(ED)

V%/

S

-
P v
Cc

P —

s

ey

u

* Precise T measurements are used to calculate partial decay widths from

experimentally measured decay fractions.

« Additionally, it can be used to extract Standard Model (SM) parameters

(ch5|9|Vcd|)

HEPMAD 2022
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https://dx.doi.org/10.1142/9789812810458_0034
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Belle IT

Pre-Belle II status of charm lifetime measurements

———

Before 2000 (From theoretical predictions) Hadron Lifetimes (fs) Experiment Year
D+ 1039.4 + 4.3 £ 7.0 FOCUS 2002
(DY) > (DY) > (DY) > ¢(E) > 1(A)) > 7(BY) > 7() -

D; 5064+30+17+17| LHCb 2017
B 456.8 £3.5+2.9+3.1 LHCb 2019
Before 2018 (From experimental measurements) DO 4096 +1.1+1.5 FOCUS 2002
) , . QY 268 £24 + 10+ 2 LHCD 2018
(DY) > ©(D}) > 7(E}) > ©(D") > ©(A}) > 7(B)) > 7(L.) A RS t10+1314 LHCh 2019
=) 1545+1.7+1.6%1.0 LHCb 2019

After 2018 (From experimew\ht MQO\SMVQW\?-V\ES) (Emerging) First uncertainty is stat., second is syst., third is due to ©(D")

0 0 0 e DYand D7 lifetime measurements are two decades old
(D) > (D)) > 7(EY) > ©(D") > ©(Q.) > ©(A)) > ©(E))

« LHCDb’s measurements are relative and dominated

. . : ) lfatime_ti _ i + . .
https://cerncourier.com/a/new-charmed-baryon-lifetime-hierarchy-cast-in-stone by T(D ) uncertalntles

| oee s ) Advantages abt Belle 11
PD c ¢ c =c ] I _ N S I S e
=0 N - £ | . _ ; o~ _
LHCb SL _| =N Q0 =: t « Large production cross-section of charm quarks, o,; ~ 0,
(2018/19) =0 o0  « Absolute measurement of lifetimes of all charm hadrons
LHCb Prompt _ . - ' 4 : ) . :
(2021) T t » e"e” provides a ‘clean’ environment for reconstruction ]
] | | | i » Better vertex resolution due to close proximity (1.4cm from IP) }
0 100 2(;?etime [fi?o 100 500 of the pixel detector in comparison to Babar and Belle

HEPMAD 2022 9 J.Borah | ITG



Lifetime measurements of D, DY, AT, QY

e The hardons are considered from eTe™ — c¢cC

10*

events produced near Y (4S) resonance 10°

» Lorentz boost provides the separation between the 102

production and decay vertex (d) § 10

* The decay time is calculated using, g 1
S —& mass 2

mH — — = 0

= —d - 2 10
g = > R momentum &

p 102

10

« Background shapes are determined using side-band data

 The lifetime 1s extracted from a fit to (7, o,) distributions, :
-2

where o, 1s the uncertainty in 7

[Lat=721"
¢ Data

— Fit

----- Background

DY > K ntnt

Candidates per 70 fs
S

0 2

4 6 8§ i D

Decay time [ps]

Belle IT

Belle IT wb
10°
10°

10 E

Belle II Preliminary —

/ L dt=207.2 b

¢ Data
— Total fit
--- Background

Candidates per 80 fs

Hadron Belle IT (fs) (fs) References
Dt 10304 +4.7 + 3.1 1039.4£43+£70  (Focus) PRL 127 211801 (2001)
D° 4105+ 1.1+0.8 409.6 £ 1.1+ 1.5 (FOCUS) v
QY 243 +48 + 11 268 +24+10+2  (LHCb) T ——
A 20320 £0.89£0.77 | 203.5+1.0+13+ 1.4 (LHCb) T

World’s precise measurement for D*,D° At Lifetimes !

Confirms Q) is not the shortest Living charmed baryon

HEPMAD 2022

10

10 £

[a—
LI

Belle II preliminary
¢ Data (207 fb)

—Fit

----- Background

Decay time [ps]
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https://doi.org/10.1103/PhysRevLett.127.211801
http://arxiv.org/abs/2208.08573v1
http://arxiv.org/abs/2206.15227v1

|V, | and|V ,| measurements
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Cabibbo-Kobayashi-Maskawa (CKM) matrix =
e ———>CPV
B u 5 Gy 5 t (Vud Vus Vub\ ( 1—2%/2 A A/13(,0 — i77)|\ Py

w [ _cham J| o0 | Vo=V, Vo Vg, ~ ~) 1-222 A2 + O(1%)
=4.7 MeV/c? =96 MeV/c? =4,18 GeV/c? th ‘/Z-S th ) JAA:;(I . p _ i;,]) _Aﬂz 1 )

@O I'® |I'® \
bottom . .
JUs=tem } Connecting weak and mass eigenstates Wolfenstein parametrization

down J strange

Quark transition Physics Experiments
d— u Nuclear 3 decay PIBETA _ .
s — U Kaon decays KLOE_KTeV, NAG: A= | Vus | /\/ | Vudl + | Vus | p + 1 uqub/VCchb
c—d, s Charm decays | CLEO-c, Bal . BESIII
b—u,c B decays BaBar, . LHCb 5
(t —d,s) CDF,DO A=AV, IV |
t—b Top decays CDF, DO, ATLAS,CMS
Measuring the sides of UT
VermVin = 1 o= v
([_),1_’]) CKM " cxm — 13x3
D—l D= Kiv B — #lv
b=l / B—- X Iv
% * U
Vud V“Z th Vud Vus Vub
Vea Vob Vet =WVoi Voo V
Area < CP asymmetry CKM — cd cs ch
th Vts th )
(0,0) (1,0) B~ B

J.Borah | IITG

Overconstrain the Unitarity Triangle by precisely measuring the sides and angles |
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Present status of |V, | and |V ,| measurements

E———

arXiv:2206.07501
Inclusive : Sum over all possible hadronic final states (B — X/, [v)

: : : Type V
Exclusive : Consider a specific final state (B — (D/D*/x) Iv) 7P
These measurements are theoretically and experimentally independent ! Inclusive | (42.19 £0.78)x 1073 | (4.19 £0.17) x 1072
T Exclusive |(39.10 £0.50)x 107 | (3.51 +0.12) x 1073
Limitations
: Knowledge of higher order perturbative and non- Deviation 330 330
| perturbative terms in HQE (Inclusive)
; — 4.8¢ —— ' .
{ Knowledge of the hadronic form factors (Exclusive) s, F o v |  mf=10contours E
: M . < Inclusive 3
— 4.4 o Exclusive |Vub| V_J: GGOU .
. = = . global 11 ]
Complementary measurements are important ! > 40E V1V V.- global fit E
~ - HFLAV Average .
Apart from, constraining the UT triangle, 4 =
« V,and V , values are determined from tree level We E
3.6 / =
processes, assuming no new physics (NP )contributions 34F E
* These values are then used to make SM predictions for 328 =
loop level processes which are sensitive to new physics 3 m =
2.8 PO =89%
(NP) :l 1 1 I 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 I l_
36 38 40 42 44 3.
v | [10°
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Untagged |V

., | measurement: B — Dlv

D
o

Belle IT

AnaIyS|s strategy

”‘- Slgnal B— DIy (BO = D- l+1/ Bt -
b o D" > KT27a-,D° > K*n,l=e,u

.

t Signal extraction: Angle between B and DI (cosOy) *

Belle Il Prellmmary fcdt_lsg.sz-

Bl Signal

i B~ -D% 7,
12000 _: TruevD Post-Fit
Bl ralse D
10000 |-==m Continuum
: 7. MC all. unc
- ¢ Data
S 8000
~
(2]
T 6000
)
>
Y 4000
2000
0
5
Z| e
T+ ot UL JUVVET IR gttt
of 2 g *fv ’r' LELELELER SLIS & § {f?Y ¢
=2 t
a4 -3 -2 -1 0 1 2
cosOgy
Belle Il
Prellmmary
40 T T T T T
— BGLN=3 B —>D°ev
35 o 1 X?/ndf: 18.2/14
30F 20
30
25F ¢ Data

N
o
T

dr/dw [10715 GeV?]

o w
T T

1 Il Il L | 1 Il
1.0 11 1.2 1.3 1.4 15 1.6 1.7

o
©

HEPMAD 2022

product of 4-mom of B and D  Electroweak corrections

Dol +1/) e Continuum 1s the dominant: Continuum Suppression

 Other backgrounds of conceren are: other B decays, B — D*ly

Use D* Veto to I'CJ ect these backgrounds

(UT)

Untagged approach

dI'(B — DYy G2m?3
( — e) . 4Fé7T3D (ms +mD)2(w2 = 3/277Ewg2

| v oy

)| Ves |

: : no reconstruction

contain form factors

High efficiency/Low purity
Extraction of |V, |

» The partial decay rates are extracted in bins of w by performing a combined fit

to the BGL expression and QCD form factors
ICHEP 2022

| ”EW' V|l =(3853 £ 1. 15) x 1073

stat. + syst. + theoretical
Consistent with exclusive world average values !

14 J.Borah | IITG
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Candidates/(0.05)

K
Tagged | V., | measurement: B — D*[v
, e Signal: B — D*lv (B* - D"~I*v) » Reconstruction of low momentum pions from D* is challenging
e D~ 5> D%~ DY -5 Ktn~,l=e,pu o FEI using HT algorithm to identify Btag candidates
2 2
dl'  newGF_ 3 2
o Bllo NProiminary o = — 0 —5—Mpr(mp — M )*9(w)F*(W)IVasl* 1 gw efficiency/High purity
J Ldt=189.3 b > B4t ‘2
- D"u*v,l and cc. BSignal _ ' Hadronically tagged approach (HT)
- MBG contain form factors ; '
5 CIMC error
product of 4-mom of B and D
Extraction of |V, |
1 11 12 13 14 15 o . ,
w * The partial decay rates are extracted in bins of w by performing a combined fit
O e [ —— poscnt e to the CLN expression and QCD form factors
0.007 E—B"—aD"I'v and cc. [ 1o error MORIOND 2022
60.006 E_ |:| 20 error P i B B e S P S S S s e s & oS ‘
S 0.005 _3 5
S 0004 | 77EW| bl — (38 2 = 2. 8) X 10 i
20003 A ot
T 0002 >4
0.001 p-value=40.1% stat. + syst. + theoretical
0 ........ Lo gy L g g g . . .
17105 1114512 125 13 135 14 145 15 Consistent with exclusive world average values !
w
J.Borah | ITG
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. SlgnalB—>7tlv(B0—>7z l+v) l—e,u

f

L as the rest-of-events to determine p, -}

D
Untagged |V, ,| measurement: B — zlv <L

e Continuum 1s the dominant: Continuum Suppression (BDT)

» Everything else including the other B 1s included « Other backgrounds of concern are: other B

Signal extraction: My, = \/ Elizeam py’ and AE = E; - E]ﬁeam

B> muty,

Belle Il Preliminary fL:dt=189fb‘1 dF(B N ﬂ'll/) G2 | V |2
== Signal X v . MC unc. F ub 3 o\ 12
7000 F I Comb Signal  mmmm Other BB ¢ Data _— |p | |f (q ) |
= Xyl B Continuum v/ +
s te 2 (4,8]1GeV? | (8,12]GeV? | (12,16]GeV? (16,20]GeV? (20, =] GeV? dqz 247[3
= 5000 - ' -
2% M(IT) form factor
u>J 3000 +
2000 »
1000 FES
; Extraction of |V, |
| AE in GeV . « The partial decay rates are extracted in bins of g2 by performing a combined fit
Belle Il Prellr::;l;:fr%/:
x107° 1 .
B to the BCL expression and QCD form factor
Lof = 20 - ICHEP 2022
- g 30" " S P A S PP A R e
0.8 $ 1 €

o
)]
LI L

| b|30% z+vl=(3 54 * oustat +0155yst _016theo)><10‘3

dB(B® - L*v,)/dg? [GeV~2]
-
T I T L}

o
N
L B

o
o

. . . N Consistent with exclusive world average values !

0 - 5 10 15 20 25
q? [GeV?]
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D

Tagged |V, | measurement: B — mev <L
 Signal: B — mev (B — nte U, Bt — ety 5)  MC simulations are considered for background studies
- FEl using HT algorithm to identity B,,, candidates + Cross-feeds: B” — p~I*y,

dB(B° »n~e*v,)/dg? [GeV~2c?]

dB(B* - nle*v.)/dq? [GeV~2c?]

Belle Il Preliminary [cdt=189.3fb!

e 2 o & =B =
N N o N W
u © u O Ul O
T T T T T T

o
o
S
i

LN N B L ) NN L B B B L L B B B L L B B B LB

B’ - nte i,

0 5 10 15 o) 25
q? [GeV?c™4]
le—6 Belle Il Preliminary fcdt=189.3fb-1

B noe+y

1 1 I 1 1 L 1 I L 1 1
10 15 20 25
g? [GeV?c™]

HEPMAD 2022

« Continuum backgrounds, generic BB, and B — X v

Signal extraction: M>. = pnzliss (Pp. —pe,,)2

miss sig

dT (B — nlv)  GE|V,|°
dg? 2453

'd

M) contain form factors

FANIACSIE

Extraction of |V, |
* The partial decay rates are extracted in bins of g by performing a combined fit

to the BCL expression and QCD form factors
arXIV 2206 081 02

| | bl_(388 +045)><1o—3

" -
stat. + syst. + theoretical

Consistent with exclusive world average values !
17 J.Borah | IITG



Rare B meson / Charmless B decays <5

— e

u.n b 74 Quark transition Remarks
b—u Tree level ( but suppressed )
b—d viau, c, t, X
alslo] mre aosl i | E

Why go charmless ? &\rﬁ<

.
d

Good place to look for non-SM physics ( in general ) '

Verify Isospin sum rule T p
Determination of @,/ « charmless Physics goals
Belle I

Measure CP asymmetry

Ways of going charmless ?

* Twobodydecays (B — 7w, B - K )
Belle Il can access all of these ! * Quasi-two body decays (B — pm, B — pp )
* Multibody body decays ( B - KKK )

Two and three body B decay First reconstructions/ measure-
ments at Belle 11

HEPMAD 2022 18 J.Borah | ITG
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Charmless B decays : Phenomenology

Isospin sum rule in K7 decay channels
Assuming isospin symmetry in the dominant Feynman diagrams (QCD penguin),

DN(Ktr™) =~ (KT =~ 2I' (K 7°) ~ 2" (K°7?)
Acp(KTn™) + ACP(KOW+) ~ ACP(K+7T0) + ACP(KOWO)

. . . In SM, Ier =0
ISOSpln Suln rule 1In terms Of CP asymmetrles
B( \'07r+) Tpo B(I\'+7r()) Tpo B(]\'”yr“)
1\'-7. — ./4 » + A A) ) B - 2./4 . 0 B - 2./4 A0
Kn K'n K T"{B(]\"+7T_)TB* K'n B([\' W_)TB* K= B(l\' ’/T_)

Determination of a/¢s using nm decay channels

Extraction of a/¢o is complicated by the presence of tree and penguin
diagrams.

0,0) (1,0)
e To disentangle them, an isospin analysis is necessary which requires pre-
cision measurement of the B and CP asymmetry.

Direct CP asymmtery determination using three body decays

e Dalitz decays are useful to understand the relative contribution of tree
and penguin amplitudes.

e Moreover, they are good places to look for direct CP asymmetries.

Belle Il provides unique oppurtunity to measure all these decays consistently !

HEPMAD 2022 19 J.Borah | ITG



Isospin analysis

HEPMAD 2022 20 J.Borah | ITG



D

[sospin sumrule : B’ - K2~ and B* - Kzt 628" =

BK*7) Tg0 B(K 7"

35

35

200

200

> 160 [ Belle I (preliminary) « Data > <60 [ Befle 11 (prelminary) « Data E E Belle 11 (preliminary) e Data E E Belle 11 (preliminary) e Data
= :_J. - 3 Y, = 3 - 3 B g 30 :'J'Ldt -6280" — Total fit 30 :'J. Ldt=6280" — Total fit
w 160 Ldt=6281f yg:K,. w 160 f Ldt=6281 e B K w : e B KO w F
» 140 F » 140 F » 25 - .
& 120f 8 120f & B+ g
“ F @ E 7} 7
% 100 | % 100 | 2 2
S sof S 80 5 3
2 eof g eof - g
3 40 F 8 40 F 8 8
20 F . . 20 F .
0 £ 1 R 2o PR TR L T 7 B 0 £ docpoazocoans Lo PR £ 1 P 3 ! . : : o - _ | a . ; vrou
- & = 0 - . 3B e = W 7 bt G %5 o1 o5 0 005 01 015 %15 o1 o5 0 00 01 015
240 ¢ 240 ¢
QQ 200 [.Belle Il (preliminary) Data ‘l-’ 200 [ Belle Il (preliminary) Data R - o -
> F 4 —Total fi > 3 P —Total fi °Q 35 t Belle Il (preliminary) e Data S 35 E Belle Il (preliminary) e Data
2 200f|Lat-628m B K 2 200f|Lat-628m P B'a K S : g ey S : p R
180 E . e 180 E 0 ] F [ Ldt=6281 [ F [ Ldt=6281 :
P E e B°> x*x +cc. P 3 S 30F B K°x* = 30F B Kax
& 160 BO --qg N 160 F = : 4 P : ¢
§ 1of mBE g 1of & sk 93 & 25F 49
120 120 @ i T M5B g ; B_ o
P 3 @ 3 g 3 & 2
% 100 % 100 = Ty b :
2 %E 2 F £ sf 5 15F
2 60F 2 60F 3 . 3 E
i 3 ¢ el S 40f 5 10fF S 10fF
O HnE : e A © 20} y : @ : G .
ok 1 1 1 1 2 e 1 ok 1 1 1 1 il IR ) (&) 5F A 4 O 5 _—l 1 l l .,
525 5255 526 5265 527 5275 528 5285 529 525 5255 526 5265 527 5275 528 5285 529 g 1T Y TE TR 50 BT TSI BN
N Lol
M, [GeV/cT M, [GeV/c?] 875 5255 526 5205 527 5275 528 5285 529 8755255 526 5205 527 5275 528 5285 529
M, [GeV/c) M, [GeV/c)

arXiv:2106.03766v1 PRD 69, 111102 (2004)
Quantity Belle II | 69M BB | Belle [ 85M BB]
BO — K n~ B (18.0 & 0.9(stat.) £ 0.9(syst.)) x 107° | (18.5 4 1.0(stat.) £ 0.7(syst.)) x 10~°
A —0.16 + 0.05(stat.) £ 0.01(syst.) -

arXiv:2106.03766v1 PRD 69, 111102 (2004)

Quantity Belle II [ 69M BB | Belle | 85M BB]
Bt — K0ﬂ+ B (21.47%5(stat.) £ 1.6(syst.)) x 10~ ° | (22.0 4 1.9(stat.) & 1.1(syst.)) x 10—°
—0.01 + 0.08(stat.) £ 0.05(syst.) -

Consistent with previous Belle measurement
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Belle IT

# Candidates [a.u.]

Pull

ey
b
-
_ S
_+_

TBU

2N . B(I\”'OWO)
K00 B([\"+ — )

I\"T' — .A - + A )
Kn Ktn K'z" B(I\-'+7r—) TB+

100 T : 200 T . T . - - 140 T T - VB,
Belle Il (Preliminary) --- BfoK*n’+c.c. Belle Il (Preliminary) Belle Il (Preliminary) == B_+ »K*n’+c.c
JL dt=190 fo=? msm BB Background 175F [L dt=190 fb-? ] 120} [Ldt=190 fb-? msm BB Background
80FB*sK*m®+c.c. B i Background R — Bt ->K*n®+c.c. — Bt sK*n®+c.c. B i Background
’ B Continuum Background =) 150¢ 3 100 Bl Continuum Background ]
© ©
5 125F - B+ sk*nd+c.c. 0
Q — o 80f
+J I BB Background +
© 100 | ©
° B i Background k=] 60l
'g 75 [ M Continuum Background -8
© ©
O O 40t
# S0¢ #
25f 20¢
B B
E oF - _ P -~- P E E 0OF —
_50.3 -0.2 -0.1 0.0 0.1 0.2 0.3 _§.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 _—%.0.0 -7.5 -5.0 =2.5 0.0 2.5 5.0 7.5 10.0
AE [GeV] My [GeV/c?] £

* An updated measurement with a better fit strategy : 3D fit _
_ N(B")—N(B7)

7 N(BY + NB)

« Validation of analysis procedure: B - D( — K*77)x"

« Use of off-resonance data and control mode: shift and scaling parameter
arXiv:2209.05154 PRL 99 121601 (2007

p . Belle II Belle . .
arameter (~197 M BB pairs) (449 M BB pairs) result even with 2.3 times less

statistics

Within 1.50 of the previous Belle

BBT - K2 (1430 £0.69 £0.79) x 107° (124 0.5 £0.6)x 107

A p 0.014 =0.047 *=0.010 i

First uncertainty: stat.; second: syst.
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Belle IT

Flavor tagging at Belle 11

® DB,y is reconstructed from ( after applying selection criteria in ROE events
) inclusive B decays.

e They are so chosen that the flavor of the Bi,g (B or B) can be determined.
Eg. B - X~ ITv

Az=PyAt =

e They are not 100% efficienct in correctly identifying the flavor of Bi,g. .

e Hence, dilution factors are introduced to quantify the mistag probability Bree/Bcp/ Big

(w).
Output of the Flavor Tagger

q € [+1(BY), —1(B")]
r = (1—2w)

Perfect reconstruction

No flavor info.

Events /(0.02)

Resolution effects + Dilution factor

Arbitrary scale

Arbitrary scale

-10

HEPMAD 2022

23

Entries
Mean
RMS

60418
-0.007748
0.5609

- — -

- o -3

8 8 8
T

1200 ff

1000

...................

| €, = (28.8£1.2 (stat.)

EPJ C 82 4 (2007)

+ 0.4 (syst.) % |
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Isospin sum rule : BY - K%z" 190 fo! <5

E———

- o T—

B(K*n™) Tyt - K B(K*n™ )15+

I — A A BET) T BETT) T (B(x"")) arXiv: 2206.07453v1
K Ktn + Kot +_0

B(K 7 )
: 60¢ —
50F «Data  Belle Il (preliminary) ;;Ei?ta Belle Il (preliminary)
T 0 o |Ldt=189.8 " 0F B 5K n0 JLdt=18980"
r B > K. n° ' [ e 8
. 40 BB b ﬁ q . — BB background
* Fit strategy: 4D fit o ek 40F . Continuum background

Continuum background

Challenging B — K%zY decay vertex reconstruction 1

20f

Continuum 1s the dominant background

Candidates per 0.015 GeV
Candidates per 0.001GeV/c?

Use of Belle II flavor tagging algorithm to measure Az to © %

enhance the sensitivity to &/ -p 93 02 01 0 01 02 03 04 525 526 527 528 520
. . . AE [Gev] M,, [Gev/c?]
 First measurement of &/ p in B’ > Kfﬂo to use time- i
90r 70r
dependent anaIYSIS. SO;LEl?ta Belle Il (preliminary) 605— e Data Belle Il (preliminary)
0 0 - -1 - —Fit
o 70 B oK T Ldt = 189.8 fb Wy J‘Ldt ioan!
< 60__—BB background w  50F BB b ﬁ q
2 °“F  Continuum background S oy
Q @ 4oF  Continuum background
= -
. 9 3 -
Experiment 3 T 30
e 9 I
S G
= —+ -+ —0 X
Belle I B=(110 £1.2 £1.0)x 10 o
: - +0.30 i JOTY Sk o
At [ps]
Belle

— -6
(449 M BB pairsy B = (92 £0.7 £0.6)x 10

Consistent with previous Belle measurement !
First uncertainty: stat.; second: syst. PRL 99 121601 (2007)
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al/ ¢, determination
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al @, determination: B — zx / B = pp

D
o

Belle IT

Target: Measurement of 9 and & p

Process mediates via b — u diagrams

Interference between ‘tree’ and ‘penguin’

diagrams

Multivariate analysis to suppress continuum

3D signal extraction function

BO
BO
B+

— 0 —

> atr B — p™p
or, po 0.0

— 7979 B” — p°p
— xtn’ B* — p*p”

Validation of analysis procedure: Bt — D( — K*z~z")z™"

Parameter
BB — n720)

A cp

First uncertainty: stat.; second: syst.

HEPMAD 2022

ICHEP 2022

Belle 11

(~197 M BB pairs)

(6.12 £0.53 £0.53)x 107°

—0.085 £0.085 £0.019

PRL 99 121601 (2007)

Belle
(449 M BB pairs)

(6.5 £0.4 £0.4)x107°

Consistent with previous Belle measurement !

26

160

Bt — zt7Y

Belle Il (Preliminary)
[ [Ldt=190 fb-?
B*-sn*n+c.c.

-
S
o

]

u
=
N
o

100

# Candidates [a.

Pull
o

- -
-- B*an*n’+c.c.

B BB Background
Bl Kn Background
B Continuum Background ]

5.0 7.5 10.0

Belle Il (Preliminary)
70F [Ldt=190 fb?
B*»n*n’+c.c.

w
o
T

40

30

# Candidates [a.u.]

20

Pull
o
N

T -
-- B*antn®+c.c.
B BB Background
B Kr Background
B Continuum Background 7

Belle Il (Preliminary)
120} [Ldt=190 fb~?
B*-»n*n’+c.c.

= 100

S

0 -- B*=an*n’+c.c

o 80f -

E B BB Background

° 60 B Kn Background

'g B Continuum Background
©

O a0f

#*

a“

PN

Fy vAv —_— ~

— .

vv'

B
0
322 523 5.24

525 5.26 527 5.28 5.29
My [GeV/c?]
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a/ ¢, determination: B® — 7' <5

0_0

Belle IT

S — e

°
°
£
Ee

Events / 0.002 [GeV/c?]

Normalised
Residual

35¢

Feasible only at ete™ colliders like Belle 11 I'B - 772" —=T(B — n7)

A
Very challengmg due to neutral ﬁnal states AnaIyS|s Strategy P F(B — 71'071'0) + F(B — JZ'OJZ'O)

PhOtOﬂS fOI‘ Slgnal reCOHStruCtlon arc SeleCted Vla BDT ° Use Of data drlven method for Contlnuum SuppreSSIOn

2D KDE function for signal extraction « Use of Belle II flavor tagging algorithm

As 1s evident, continuum is the dominant background

v e

Validation of analysis procedure: B® — D( - K*z z%1"

a0k s = 22 : Belle Il (Preliminary) :g;::l . 30 — Belle Il (Preliminary) :195:; B
i g e el O, : J.L dt=189.91b" =8 S xe ~ 25 :—J-L dt=189.9 fo” -
25F -~ Continuum < o5k +-Continuum S : +-Continuum
: BB ~ : BB 2 ool BB
. } S 20 g 2
C - © -
15?T | j et 8 =
R L e R © c :
10 | Belle II#Pr fiminary) [ 0N g 8 L :
5F J-L dt=1809m" gettit s + § :
826 5265 527 5275 528 5285 5.29 %3
M, . [GeV/c?]
ar 3z 4F 3= 4f
0 E¢*;‘+‘+;¢*+“¢l é% 0 5—«»--;--;-+--*--+--¢--*--+-+-#--‘--+--*--+--;--¢-+-;—-i--;--;--*- ég 0 §-+-&-+-‘-l-¢--‘--+-+-+--5--*-+-¢--;-¢-¢-¥+-#-L-‘-&-a-lw-u-&-
4t 2E 4k 2% 4t
ICHEP 2022 PRD 96 032007 (2017)
Parameter Belle II Belle
(~197 M BB pairs) (771 M BB pairs)
BB° - 7%2% (132 £025 £0.18)x10°° (131 £0.19 £0.19)x 107
o cp +0.14 *0.46 +0.07 +0.14 +0.36 £ 0.10
First uncertainty: stat.; second: syst.
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al/ @, determination: B - pp-

D
/O
Belle IT

 ‘Golden’ channel for ¢», measurement: small contribution from ‘penguin’ diagram

* Relies on the excellent neutral performance of the Belle II detector
« Target: 9 and polarization
Analysis strategy
« 6D fit 1s performed to extract the yields
e Continuum and peaking background (with similar final state)
complicates the analysis
 Validation: analysis procedure and continuum suppression inputs
arXiv: 2208.03554v1
| B =(2.67 £0.28 +0.28)x 107°
f; =0.956 £0.035 £0.033
B B B 7 n‘hft.; ;)d: syst
771 x 10° BB 383 x 10° BB 197 x 10° BB
. 1.02 - S
1.00 A
2.8 1 ‘i’
~ 0.98 -
::; 2.6 1 * 0.96 - =
i == PDG2022 i == PDG2022
" Total " Total
221 @ stat. 0921 "p  stat.
Be'IIe Baéar This Istudy Bellle Ball3ar This Istudy
HEPMAD 2022 Consistent with previous measurements )8

Residual

Normalized
|
w

Entries / 0.05

Normalized
Residual

Entries / 0.01[GeV]

Entries / 0.01[GeV/c?]
&
o

®
(=3

Belle Il (Preliminary)
[Ldt = 189 fb™?

.o_

NS s

©T lpd byt LW ALY b b ad, P

£n A} M X M AL A A I ™ o

o @

o -5 - - . . .

P -0.15 -010  —0.05 0.00 0.05 0.10 0.1
AE[GeV]

70 4

o
=]

v
o

[N w
=] o

=
(=]

Belle Il (Preliminary)
[Ldt = 189 fb~1

o wv ©o

o
o

0t7 0‘8 X 170 ltl

M+ ol GeV/c?]

-
N
(=]

-
=3
o

®
o

=
(=]

&
o

~N
o

| Belle 1l (Preliminary)
| JLdt =189 fb?

Helicity angle

0

5

0 P o o e OO 4 b & GOOP o
PPPE 7 0¥V V TP T HPTVV 90 ¢ 4,'0

=5 T T T T T T T

-1.00 -0.75 -050 -0.25 0.00 0.25 0.50 0.75

cosB,+

w

Belle Il (Preliminary) __ 5,
200 4 J'Ldt =189 fb~! === Longitudinal signal

_____ Self crossfeed

(Longitudinal)
=== Transverse signal

Entries / 0.05

o w o

Residual

Normalized
|
w

o
=]
=]
N
=]
IS
o |
o
=]
@
-
=)

Belle Il (Preliminary)
[Ldt = 189 fb-1

~
=] o

o

Entries / 0.01[GeV/c?]
w Y v (=]

~N
o

=
o

Normalized
Residual

Ot6 0t7 0?8 0t9 1.0 ltl
mn' nO[GeV/cz]

Belle Il (Preliminary)
JLdt = 189 fb~1

Helicity angle

Entries / 0.05

40 A

204 &
J -\ QP
p——
0 = Y Sy e
o=
o 5
55
O 0o P
S 7 ®
E 9] b
o -5+ - : - - ! - -
2 -1.00 -0.75 -050 -0.25 000 025 050 075

cos6,-
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a/ ¢, determination: BT — ptpY <L

 Relies on the excellent neutral performance of the Belle II detector

% 160 Belle Il (preliminary) o 450 F " Belle I (preliminary) :FD;:::‘ .
. . = - i -t T - t =189 -1 —Slgnal‘i:ng
e Target: B , o ~p, and polarization 2 Lo | 0 Lo ——
§ 100 4 } 7 300F B
% - } g 250 _g;lafuum
Analysis strategy : g
: -
« 6D fit 1s performed to extract the yields i ]
. . . .. B ‘g: 23 % e
e Continuum and peakmg background (Wlth similar final state) ES 2f ES 2 iﬁﬁiilﬁﬁiii?ﬁIﬁ*_iifﬁﬁi?iﬁifiiﬁ*jIfiliIﬁil}iII?ﬁifﬁIZi_iiIﬁiiiﬁiiiiiﬁIiﬁZI
2 . 2 _

complicates the analysis

. . . . . . . E 120 [ Belle Il (preliminary) “é 140 Belle Il (preliminary)
 Validation: analysis procedure and continuum suppression inputs s i S o} [Lamtman
2 100} } S
S g 100
g of g 80
3 g 60
Experiment g g 4w
f— +22 4+ -6 @ AE o 4
1 #=232 5 22 x19 %2 b e e 2% $
Belle II f = (0.943 0.035 = +(.027 S& g7 5% 09 ] S¢ g7 5s 0% 1
(197 M BB pairs) L —0.033 m(r*7°) [GeV/c?] m(z*r) [GeVic?)
A ep=—0.069 =0.068 £0.060
arXiV: 2206.1 2362 ; prd 4 Belle Il (preliminary) g 350 Belle Il (preliminary)
» -g 350:_ det=189‘25fb" g 300 F _[Ldt=1ag.25fb"
BaB $B=0237 14 £1.49Xx10 8 00} Helicity angle g 250 Helicity angle
aBar f,=0.950 £0.015 =0.006 2 =| S
. L -_— . — . — . '8 g ke
465 M BB pairs g 200f §
( pais) o cp=—0054 £0.055 £0.010 ® tof .
PRL 102 141802 (2009) 100 -
First uncertainty: stat.; second: syst. i
Consistent with previous measurements, however, dominated Bl ety
§§ B | O P TE CTEP §§ SE e
by Systematlc uncertalntles ZzX -1 08 -06 04 -02 0 0.2 04 Cgsep’ ZzX 1 08-06-04-02 0 0.2 04 06 c%gepj
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Time-dependent CPV measurement
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3 body decays: Time dependent CPV analysis: B — K K K"

Target: %8 and CP aysymmetry

Process mediates via b — sgq transition

: iy —|At| /750
* It 1s sensitive to non-SM effects P(At) = i ] (1 + g[S sin(Am,At) + Acos(Am,At)])
TRo
* Important for understanding the CP asymmetry =
Mixing induced CPV Direct CPV
Any significant deviation of &f ~p and & -p from $ = — sin2¢, SM prediction & =0
prediction of SM may be a hint of NP ! — _083+0.17 Worldaverage  =0.15%0.12

Analysis strategy

Sigal extraction using a 3D fit function comprising of: M, ., M(K’K'K?), O/

Continuum events pose as dominant background: BDT classifiers for suppression
Additional backgrounds from, BY — X( — K’K))K? due to b — c transitions

Veto b — c transitions through invariant mass, M(KK?) selection criterion

For CPV studies, Belle II flavor tagger algorithm 1s used to identify B, , flavor

Challenge is to correctly reconstruct K vertex
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Time dependent CPV: B — KKK <5

I —————

Signal yield = 53 = 8

[ —— Data E 14:- o e —— Data
S0F Belle It (preliminary) — Fit o 40 = Belle II (preliminary) —~— Data [ Belle II (preliminary il
- 2 | s
§ 50 F JLdt=l89.3fb" ## Signal % BE | Lat=1893n" —Fit ol ILdt=189-3m" %% signal
6 b e Background O 3fF % signal O (I | R Background
o Lo~ 25 3 ---- Background = 5
S [ - 8
S ) : Z [
< S 20F = i i g
=~ S - g 6
2 >~ 15F [
£ g m 2
» S wf [ A
= > - == 5 a - \
s i QIO | X
0 o 5 C Y Wb M L a8 L 8 Py ' s
52 521 522 523 524 525 526 527 528 529 52 525 53 535 54 545 -10 -8 -6 4 -2 ? 2 4 6 8 10
2 0 2
M, [GeV/c’] MK’KK?) [GeV/e?] O'cs
5 1 -
E i Belle II (prelimi
16 - Belle II (preliminary) 5 elle IT (preliminary)
14 [ J. 1 Rl Lol X . J‘Ldt=189.3fb"
@ [ | Ldt=189.3fb" [ . R il B
: 12 _ —ye g % - q = -1, Blag E /
. | 5 5
(o} L
~ 10} E K
w2 g L
E 8 | Eﬁ ——t
o [ @
> 6f <
= : -0.5
o :
2 F [
0 ! =11 | ] | ] ] | ]

At [ps]
World Average value

P>

(—1.86 "

091
+091 40,09

~0.22 #0304 0,04

& =-0.83£0.17

o =0.15£0.12

N3
I

First uncertainty: stat.; second: syst.

HEPMAD 2022 32 J.Borah | ITG e



Electroweak and radiative penguin decays
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Electroweak and radiative ‘penguins’: b — s

* A b quark decaying to an s/d quark requires the presence of a neutral vector boson at the
vertex and a change of flavor (Flavor changing neutral current. FCNC)

* These, b — s FCNC processes are suppressed at ‘tree’ level within SM due to GIM

« However, can occur through loop-level within the SM

e New particles can couple to the SM particles an can influence its predictions, thereby

making FCNC decays potent probe for NP searches

Theoretical Challenges

* Need to consider different kinematic regions to probe the complete

q2 spectrum

» Affected by form factor uncertainties

S/

b — sl
(penguin amplitude)

Photon
pole

b — sl

b — scc (background)

HEPMAD 2022

b — sl
Broad
res°”""”Ces’ﬂnterferences
N from V)
<—>7q
high ¢

34

Theoretical uncertainty (large -> small)

v (I7)
. v (%)
b —» P> ES S
u,c,t

L
SRR

arXiv: 2205.05222v1

. () (*)
B-u*u~ ratio Rf Rﬁ
_ A B(BY-u* )
BT ) BEO-R O
A n
B(b;»sy)
b-sl * £~ angular
B
B°-K™u*u~ angular
+ B
m Belle Il .
4 LHCb e

+ ATLAS/CMS
-ull Information (low -> high)

Experimental challenge (hard -> easy)

A single measurement is not sufficient!
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. . . . . . (D
Experimental challenges: missing particles / inclusive measurements e

* Missing final state particles or inclusive measurements are experimentally very challenging

« ete™ colliders such as Belle II are best suited for such kind of measurements because of 47 coverage

* These measurements are performed using the principle of conservation of momentum and identifying the conjugate
B-meson very precisely ( the tagging approach )

e Three types of tagging: Exclusive (hadronic), Semi-exclusive (semi-leptonic), and inclusive tagging

Hadronic tag Semi-leptonic tag Inclusive tag
o Y Y
2 f
= X / X
< )
§D ) B / B
N o P o
T — D <« —_— Y(4S)
- e €
Q
=
o0 \ T
=
L DO

Tagging reconstruction efficiency, backgrounds increases

Purity, physics constraints increases

. S ey : -8 TR L e . SR : By TR L ~mw s RE e ALt T e S TR LS S S
Vi RO O /o3 N D S e e R T 2 8 R B O oI N D e B T e o 8 T i LS O g f b

4

<
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Search for BY — K"vi using inclusive tagging method

» Vary challenging due to missing particles in the signal-side B meson

e An inclusive tag approach adopted for the first time at Belle I1

Analysis strategy

+ Charged tracks and neutral clusters are 1dentified with preliminary
' selection criteria to remove backgrounds

, » Multivariate analysis techniques: 2 BDT classifiers used in cascade
E to separate signal from background, additional binary classifier to
correct for mismodelling of qgbar events

Signal yield = 4.2 37

BBt — Ktvp) = (1.9 t13 +08) % 107

First uncertainty: stat.; second: syst.

Ul on the B(B* - K*vi) at 90% CL < 2.3 x 107

HEPMAD 2022 36
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PRL 127 181802 (2021)

0.93<BDT,<0.950.95<BDT,<0.97:0.97<BDT,<0.99} 0.99<BDT, ]

ORI : Belle IT : ]
o P [Ldt=(63+9) b~

400

BY"—=SK v A

) Shial Neutral B |
§ Charged B |
M 200 Continuum _

Data

scaled by 2 ]

100

0
0.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.5[0.52.0 2.4 3.5
pT(K+) [GeV /c]

Signal efficiency

cincl — 4 g (Belle I, 63 fb™1)
e'=02% (Belle, 711 fb™1)
ehd = 006% (Belle, 711 fb= )

SM Average
1.1+0.4

y 3
| = . ' BellelIII (63 b, Inclusive)
) 1.9°1¢ This work
] v
|
f ! .
., :J.BU(?(I)%?P(R’EE:JI-G,]-OJROI » L)
| 1
| | : Belle (711 tb!, Had)
: 3.0+1.6 PRD87,111103
i 1
| -1

_'_._:_ | : E?Pragfﬁg%gngg& f lHad+SL)

0 2 4 §) 8 10

10° x Br(BT—K " vi)
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Radiative decay B — Xy

o Target: Measurement of inclusive & for different Ef threshold

. . § 5 i Belle Il preliminary E
* Experimentally challenging g 708 | | [=1893 fb-?
. C'QE 1200 ' i BB backgrounds i
u_? ] i Total simulation uncertaintyi
Analysis strategy e o il E
e e e e = = o 1000 | ) i
f v 5 — . . —
‘ ‘ . ‘ . ‘ ), T 750F : Signal region !
« No kinematic selection criteria applied to select X, : 2 e §
» The tag side is reconstructed using hadronic decay channels ' 8 250} § iy §
+~ i ; ——, . .. : ]
o Signal region is identifed to be 1.8 < Ef < 2.7 (GeV) ey mee Sy T Y WY )
] EJ reconstructed, GeV
i Fit strategy: ] 150 X107 :
; . . . | [ - Belle Il preliminary f
1. Determine the well-reconstructed Bmg candidates using M, . i = o (o
' 2 100F . T
as a fit variable f‘é’ ol T % I
2. Background subtraction in Ef distribution is carried out using § T osot ++
U 025 T
MC simulation - _
o I o ) %l% 0.00 S v s s
= 025
ICHEP 2022 - eussy RS TEsE Y e
EZ lower threshold Fl a5 (10~ 4) E;, GeV
1.8 3.55 £+ 0.78(stat.) +0.84(syst.) e
2.0 3.07 £ 0.56(stat.) +0.48(syst.) BaBar’s hadronic tag result, Ef > 1.9 (GeV) (210 1b-1)
2.1 2.50 + 0.47 (stat.)£0.35 (syst.)

(3.66 £ 0.85 £ 0.60) x 1074
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.77.051103

Preparations to test Lepton Flavor Universality
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Preparations to test LFU: %(x,,) = BB — X_.ev)/ BB > X uv) <2

* The SM predicts the coupling strength of the weak interaction to be uniform for all of the lepton families: LFU

 This prediction needs to be experimentally verified and complementary measurements are a necessity
SM prediction, B(B — X 1v) = (2.45 £0.10) % and sum of exclusive decays,

BB — Drv) + BB - D*rv) = (2.30 £ 0.67) % ( dominated by large uncertainties)

» Target: To measure light lepton ratio and validate the analysis strategy

AnaIyS|s strategy

An event 1S 1dent1ﬁed as: Y(4S) — B

tag

(It +ROE)

B,,, candidates are reconstructed using FEI hadronic tagging algorithm

Continuum and other B backgrounds affect the analysis

Continuum is constrained with off-resonance data and B backgrounds are

suppressed using background enriched control regions

_JCHEP2022 = Most reC|se measurement' |
( / )(p > 1. 3 GeV) 1 033 +0010 (stat) +0.020 (syst)
e ,u l |

Belle (9?( e,ﬂ))

1.01 =0.01 (stat.) £0.03 (syst.)
(exclusive)

PRD 100 052007 (2019)

Compatible with exclusive Belle measurement at 0.6¢0
HEPMAD 2022 39

Belle II Preliminary [Ldt=189.9fb"

Bl Xuv
[ u: Background
B . Continuum
Bl Xcv
[ e: Background
Bl c: Continuum
MC all unc.
¢ Data

8000

6000

4000

Events / bin width

2000

*—)ECM

O Ba PE PP T PRPOT PP Y PR PR
1.3 1.55 1.8 2.05 2.3+/1.3 1.55 1.8 205 23+
i | GeV

pi/GeV

Next S%&.Eﬁ: R(X) = ‘2((12 — ))Zy))
— XIV) |




Summary <o

v Presented results corresponding to an integrated luminosity of 190 fb™! on the following topics
* Charm lifetime measurements
* Tagged and untagged exclusive measurements on |V_,| and |V, |
* Measurements to verify the 1sospin sum rule
* a/ ¢, measurement
* Time dependent CP violation measurements on three body decays
* Electroweak and radiative peguin decays
* Preparations to test the lepton flavor universality
v All these measurements agree well with the world average values and in some does better than
the previous generation e e~ colliders (Babar/Belle) with limited statistics
“*Some interesting results from the dark sector, charmonium and 7 physics could not be accomodated

here, due to the broad physics program of Belle 11

HEPMAD 2022 40 J.Borah | ITG



Future prospects

Observables Exp. theor. accuracy Exp. experim. uncertainty  5() gb ™"
, After LS1 upgrade
UT angles and sides . ]
¢1 [°] . o 0.4 Belle 11 (estimated)
¢ [°] i 1.0 Belle II : :
o [ oy io i e [fb] Int. Lumi (Delivered)
| V| incl. iy 1% Belle II 5000
[Vep| excl. dekok 1.5% Belle 11 Int. Lumi (Delivered)
| V| incl. . 3% Belle II 199 T 2021c 2022ab o1
V| excl. - 2% Belle II/LHCb 4000 300 — Target
CP ViOlation 600 5 IOfb'l
S(B — ¢K°) ok 0.02 Belle I . 480fb-
S(B — n'KY) e 0.01 Belle II 3000
AB — K% [1072] *kk 4 Belle II g -
AB - K+n~)[1072] *x 0.20 LHCb/Belle 1T o
21/10/1  21/11/30 22/1/30 22/4/1 22/6/1 22/8/1
(Semi-)leptonic 2000
B(B — tv) [1079] + 3% Belle II
B(B — uv) [1079] *k 7% Belle II
R(B — Dtv) *kk 3% Belle II 1000 Base
R(B — D*tv) s 2% Belle II/LHCb
Radiative and EW penguins 0
BB — X,y) ok 4% Belle 11
Acp(B — X,qy) [1072] Hok 0.005 Belle II 20/4/1  21/4/1 4/1 23/4/1 24/4/1 25/4/1 26/4/1
S(B — Kin'y) ok 0.03 Belle IT
S(B = py) *x 0.07 Belle II YY/M/D
BB, — yy)[107] e 0.3 Belle II We are here
B(B — K*vv) [10-°] HoHk 15% Belle II
R(B — K*tX) it 0.03 Belle II/LHCb
Charm Long term projection
B(D; — uv) g 0.9% Belle II
B(D, — tv) Hax 2% Belle II 10 ' ' — 60
Acp(D° — K27°) [1072] * 0.03 Belle IT ! —— Lpeak(Targe) |
lg/p|(D° — Kdr+m™) Hok 0.03 Belle II Pex 8 Int. L[ab-1) 50
Acp(DY — 70 [1072] = 0.17 Belle II 5
Tau “:C_’ 6 L | 40 =
T — py [1071] Aok <50 Belle II = 1 i
T = ey [10719] HHk <100 Belle II % T
T — ppp [10710] ok <3 Belle II/LHCb c 4 :;
E 41 20
3
[ ] ] I ] [ ] 2 |
Belle Il holds promise in giving us new E: {10
a
insights through precision m rement ° )
INsIgnts tnrougn precisio easuremenis 2019 2024 2029 2034
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Additional slides
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Types of colliders

Belle IT

« At present (on earth), colliders are the only way to create an environment similar to our early universe

Hadron Collider Electron-Positron Collider

Interaction

Region Belle |l detector

L { N
- Al

electron ring

Q

—

'~ ‘L‘
positron ring\
e Y

=
N

LHC

electron / positron
linear injector

positron damping ring

(Belle II)
o Energy frontier (13.6 TeV, ~ 2.06 X 10** cm—2s-1) o Luminosity frontier (Design & = 6 X 10°° cm—2s-1)
 Capability to produce almost all SM particles » Threshold production of particles
* Huge amount of backgrounds from pp collisions « Compared to pp collisions, ete™ collisions produce
( ~ 20 inelastic events per crossing (30M crossing/sec)) fewer backgrounds: a clean environment

Both frontiers are necessary for understanding the Nature !
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Lifetime measurements of DT, DY, AT, Q(C) <>

D lifetime distribution comparison
1

10" { '\ Bellell, 105
: D" - Dz’
Belle '*f 5 D' >Kz

V p+ production vertex

mh—>

I, s d - P t [ps]
P

Improvement of Belle 2 over Belle
* 2 times better vertex resolution

» 20 times smaller beam spot size
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Behind the scenes: Time dependent CPV decays  o—e

E———

Ag;f(At) =S Sin(Am + A cos(Am Sensitive to At

Determination of At : A

* Requires the measurement of Az. : °"°"‘°;“°“:;':9hm
* Az measurement requires the correct reconstruction Bre vertex -

of B,, and B vertices. Beam spot e

. - — — >
* Vertex reconstruction can be done only from tracks. Production point. "+ . z
« First, B__ is fully reconstructed and the remaining
. Az = BycAt

tracks are assigned to rest-of-event (ROE) category.

* ROE events are subjected to selection criteria ( min. pr = 0.287 I
L AZ |
hits in vix. detector, IP constraints etc. ) €1 Bugtracks,Vis

* Subsequently, all tracks from ROE are combined to
form the B, vertex ( on the basis of some FOM, X?)

e For a typical Az ~ 100 um

Factors affecting At resolution o
e At resolution is 0.6 ps < 75(1.5ps)

* B, ; B, vertex resolution

* Resolution of the boost factor, By e At resolution is 0.6 ps < 75_,5(12.5ps)

determined from the beam energy Btag is B or B ? = Flavor tagging
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Charmless B decays : Isospin sum rule

e Target : Measurement of B and direct Acp

e Process mediates via b — sqq ‘loop’ diagrams.

- -
e To address the Km puzzle, precise measurement of B and Acp is impor- B —- K'x 190 fb~!
tant. BO N KOﬂ-O
2D signal extraction function Charged track identification

e Tracks momentum information from dE/dx in CDC

o My = \/El;ke2am _p*32
e AE = E} — E;

beam

e Particle identification using Cherenkov detectors

e M;, and AE correlations e pion/Kaon misidentification is 9%/11%

are taken into account Neutral pion reconstruction

Backgrounds analyzed e Reconstructed from +’s deposited in ECL

tTe~™ = qq — 7d7 )
ec’e 99 (¢ =1, d,s, c) e ECL selection criteria (forward/barrel/backward)

e b — ¢ mediated decays 0 .
K reconstruction (challenges)

e b — u, d, s mediated decays e Dipion invariant mass ‘cuts’
e Multivariate analysis is employed e KV flight distance

to suppress continuum . . . .
o Angle between dipon momentum and K flight direction

Analyses mostly affected by continuum backgrounds
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|V, | and |V ,| measurements strategy

« |V.,1|,|V,,| measurements are experimentally very challenging owing to missing particles in the final state
» Both untagged and tagged approaches are adopted to complement each other.
« Untagged approach provides higher efficiency in signal reconstruction with a trade-off in signal purity

* Whereas tagged approach has lower signal efficiency but has higher purity

Untagged approach (UT) Hadronlcally tagged approach (HT)

b o Threshold productlon of BB pairs
.« ete” provides a ‘clean’ environment for reconstruction
« Missing momentum of undetected particles can be calculated due to 4z detection

of other particles in an event
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